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Abstract 

Introduction: To estimate the incidence of intensive care unit (ICU)-acquired bloodstream infection (BSI) and its 
independent effect on hospital mortality. 

Methods: We retrospectively studied acquisition of BSI during admissions of >72 hours to adult ICUs from two 
university-affiliated hospitals. We obtained demographics, illness severity and co-morbidity data from ICU databases 
and microbiological diagnoses from departmental electronic records. We assessed survival at hospital discharge or 
at 90 days if still hospitalized. 

Results: We identified 6339 ICU admissions, 330 of which were complicated by BSI (5.2%). Median time to first 
positive culture was 7 days (IQR 5-12). Overall mortality was 23.5%, 41.2% in patients with BSI and 22.5% in those 
without. Patients who developed BSI had higher illness severity at ICU admission (median APACHE III score: 79 vs. 
68, P < 0.001). After controlling for illness severity and baseline demographics by Cox proportional-hazard model, 
BSI remained independently associated with risk of death (hazard ratio from diagnosis 2.89; 95% confidence 
interval 2.41-3.46; P < 0.001). However, only 5% of the deaths in this model could be attributed to acquired-BSI, 
equivalent to an absolute decrease in survival of 1% of the total population. When analyzed by microbiological 
classification, Candida, Staphylococcus aureus and gram-negative bacilli infections were independently associated 
with increased risk of death. In a sub-group analysis intravascular catheter associated BSI remained associated with 
significant risk of death (hazard ratio 2.64; 95% confidence interval 1.44-4.83; P = 0.002). 

Conclusions: ICU-acquired BSI is associated with greater in-hospital mortality, but complicates only 5% of ICU 
admissions and its absolute effect on population mortality is limited. These findings have implications for the 
design and interpretation of clinical trials. 



Introduction hours in duration [14-16] and have an incidence of 

Nosocomial bloodstream infection (BSI) is a serious and between 5 and 19 per 1,000 patient days [9,11,15]. 

potentially preventable complication of hospitalization These infections have been associated with increased 

and has been estimated to be the eighth leading cause morbidity, mortality, and health care expenses [9,12-19]. 

of death in the USA [1]. Critically ill patients are parti- As a consequence, considerable clinical and research 

cularly vulnerable to hospital-acquired infections [2,3], activity has been focused on attempts to improve patient 

which are two to seven times more common in the ICU outcome by their prevention. 

[4-7] and can account for approximately half of all hos- BSI is more common in patients who have surgery, are 

pital-acquired BSI [8]. immunocompromised, develop multiorgan dysfunction, 

ICU-acquired BSI has been estimated to complicate require mechanical ventilation or renal replacement ther- 

between 1.2% and 6.7% of all ICU admissions [9-13], apy, and have greater illness severity on ICU admission 

4.4% to 6.8% of admissions of longer than 48 to 72 [3,20,21]. Some critically ill patients may be genetically 

predisposed to both developing BSI and dying in hospital 
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demonstrate the survival benefit of any intervention to 
prevent BSI will be dependent on the baseline incidence 
of BSI, the mortality rate of patients who develop it, and, 
crucially, on its true independent influence on outcome 
once correction has been made for other markers of ill- 
ness severity. 

Accordingly, we performed an observational study in a 
large cohort of critically ill patients and sought to esti- 
mate the incidence of BSI, the mortality rate of patients 
who acquire BSI, and its independent influence of 
mortality. 

Materials and methods 

Study population and data sources 

We performed a retrospective observational analysis of 
the incidence of BSI acquired during ICU admission at 
two university-affiliated hospitals in Melbourne, Austra- 
lia. Data were obtained from prospectively collected 
electronic databases of ICU admissions and hospital 
microbiology records of positive blood cultures. Stan- 
dard protocols for the collection, analysis, and reporting 
of blood cultures were employed. Complete data were 
available for 11 years (Jan 1998 to Feb 2009) in one cen- 
tre (Austin Hospital) and six years (Jan 2003 to Dec 
2008) in the other (Monash Medical Centre). Local 
ethics committee approval was obtained for re-analysis 
of routinely collected data, waiving requirement for spe- 
cific patient consent. Data were available on tip cultures 
from intravascular devices in the Austin Hospital allow- 
ing a sub-group analysis of proven catheter-associated 
BSIs in this cohort of patients (72% of the total 
population). 

Definitions 

We used Center for Disease Control (CDC) definitions 
of ICU-acquired BSI (see Additional file 1) [23,24]; we 
considered both primary and secondary BSIs in our ana- 
lysis. Nosocomial BSI in the ICU was defined as blood 
cultures taken in the presence of clinical evidence of 
infection for a bacterium or fungus obtained more than 
72 hours after admission to the ICU. Thus, we included 
only those blood cultures taken after the third calendar 
day of ICU stay as reported by previous investigators 
[14,15,17,25]. 

Routine drawing of blood cultures was not ICU prac- 
tice in the participating hospitals; we thus regarded all 
positive blood cultures obtained in the ICU as indicative 
of suspected infection. 

In accord with CDC guidelines [24], we did not 
include cultures of coagulase-negative staphylococci or 
other common commensal skin organisms unless two 
cultures separately isolated the same species of micro- 
organism. The first positive culture after the third ICU 
day was used to define the occurrence of ICU-acquired 



BSI. To allow study of a population at risk, we 
excluded all ICU admissions of less than 72 hours' 
duration. 

BSI was considered to be catheter-associated if there 
was a positive tip culture from an intravascular device 
removed in the two days before or after the positive 
blood culture and the microbiological isolates from tip 
and blood were likely to represent the same infection 
(same species or compatible mixed growth). 

Aim 

We sought to document the incidence of acquired BSI 
in our ICU populations and to obtain an estimate of its 
effect on subsequent survival. We hypothesized that 
although BSI is likely to be associated with greater risk 
of death in an individual its relative frequency in the 
total ICU population might limit its impact on overall 
mortality. 

Data analysis 

We merged ICU admission and microbiology result 
databases and positive blood cultures paired with rele- 
vant ICU admission data by date and unique patient 
identifiers. Data were available on patient demographics, 
admitting specialty, duration of ICU admission, Acute 
Physiology and Chronic Health Evaluation III (APACHE 
III) physiology score on admission, APACHE III chronic 
health categories, need for mechanical ventilation or 
renal replacement therapy during ICU stay, and death 
during hospital admission. 

To facilitate statistical analysis, APACHE III chronic 
health categories were used to define patient groups that 
might be at increased risk of BSI, namely: disseminated 
malignancy (metastatic cancer, lymphoma, leukemia, or 
myeloma), immunodeficiency (immunosuppression by ill- 
ness or disease including HIV/ AIDS), liver disease (hepa- 
tic failure and cirrhosis), chronic kidney disease, chronic 
pulmonary disease, and type 1 diabetes mellitus. Admis- 
sion type was defined as surgical or non-surgical based 
on hospital admitting unit. Survival was defined as survi- 
val to hospital discharge or 90 days after ICU admission 
if the patient was still in hospital. 

We performed univariate comparisons using Graph- 
Pad Prism version 5.0a for Mac OS (GraphPad Software, 
San Diego, California, USA [26]) and multivariate analy- 
sis and survival plots using R: A language and environ- 
ment for statistical computing (R Foundation for 
Statistical Computing, Vienna, Austria [27]) utilizing the 
packages survival [28] and Design [29]. Categorical data 
were reported as percentages, and compared using the 
chi squared test with Yates' correction. Continuous data 
were reported as median with inter-quartile range (IQR) 
and compared using the Mann-Whitney U test with 
Gaussian approximation. For comparisons, statistical 



Prowle ef al. Critical Care 201 1, 15:R100 
http://ccforum.eom/content/1 5/2/R1 00 



Page 3 of 1 1 



significance was denoted by two-sided P values of less 
than 0.05. 

Baseline risks for ICU-acquired BSI were examined in 
a multivariate logistic regression analysis with backward 
elimination of non-significant predictor variables. Sig- 
nificance was assessed against the null model by chi 
squared test of residual deviance, goodness-of-fit by 
unweighted sum of squares test, and predictive ability 
by calculation of the c-statistic. Independent predictors 
of survival were modeled using a Cox proportional- 
hazard analysis. As ICU-acquired BSI was not present 
at baseline it was incorporated into the model as a 
time-dependent co-variate [30], other factors were 
either present at ICU admission (admission illness 
severity, demographics, and comorbidities) or, in the 
vast majority of cases, were initiated in the first 72 
hours of ICU stay (mechanical ventilation and renal 
replacement therapy) and were treated as time-indepen- 
dent co-variates. We avoided the need to consider hos- 
pital discharge as a competing endpoint by deeming all 
patients discharged alive from hospital to have survived 
to day 90 for the purposes of the survival analysis 
rather than censoring them at time of discharge. The 
proportional-hazard assumption was assessed by inspec- 
tion of Schoenfeld residual plots. A Cox proportional- 
hazard analysis was repeated to separately assess the 
independent effect of the five most common microbio- 
logical diagnoses, grouping similar organisms to pre- 
serve statistical power. Similarly, in the cohort of 
patients from the Austin hospital, we modeled the rela- 
tive effect on survival of catheter-associated and non- 
catheter-associated BSI. 

Results 

We studied 6,339 ICU admissions of more than 72 
hours' duration. ICU-acquired BSI complicated 5.2% of 
these admissions (Table 1) and 9.5 new BSIs were 
acquired in the ICU per 1,000 patient days at risk. Med- 
ian time to first positive blood culture in those acquiring 
BSI was seven days (IQR 5-12; Figure 1). Microbiologi- 
cal classification of ICU-acquired BSI is shown in Table 
2. 

Univariate analysis 

Univariate analysis is presented in Table 1. BSI was 
associated with an 18.7% increase in crude hospital mor- 
tality from 22.5% to 41.2%. However, as BSI was infre- 
quent, crude mortality in the total population was 
23.5%, only 1% greater than in patients who did not 
acquire BSI (22.5%). This difference in mortality repre- 
sents an unadjusted population attributable risk percen- 
tage [31] of 4.3% - that is, before adjusting for 
confounding variables, 4.3% of all deaths could be attrib- 
uted to excess mortality after acquired-BSI. 



During each full year of the study, rates of BSI varied 
from 4.4% to 8.1%, overall mortality from 21.1% to 
26.5% and crude mortality in patients with ICU acquired 
BSI from 25% to 66%. However, there were no trends 
toward a systematic alteration in these frequencies over 
time (Figure 2). 

Patients who developed acquired-BSI had greater ICU 
length of stay than those who did not (median 15 days 
vs. 5 days; P < 0.001). Patients acquiring BSI were also 
significantly sicker at ICU admission and had more co- 
morbidities (Table 1). Overall, 49 patients who devel- 
oped BSI in the ICU were alive and in hospital 90 days 
after ICU admission and were treated as survivors in 
our analysis. Of these, only three subsequently died late 
during their hospital stay, a rate similar to the overall 
population. 

Prediction of BSI 

We examined risks for ICU-acquired BSI by developing 
a logistic-regression model for its prediction (Table 3). 
In this model, only higher APACHE III scores, the need 
for renal replacement therapy, liver disease, and surgical 
admission were risk factors for acquisition of BSI, 
whereas older age lessened the odds of a diagnosis of 
BSI. The model was significantly better than a null 
model (P << 0.001); however, its predictive ability was 
poor with a c-statistic of 0.63, implying that factors 
beyond the baseline predictors examined had a large 
influence on the development of BSI in the ICU. 

Survival analysis 

Controlling for baseline difference in a Cox proportional 
hazard model, we confirmed that BSI was associated 
with increased risk of death, with a hazard ratio for 
death from the time of acquisition of BSI of 2.89 (Table 
4). Acquired BSI infection was modeled as a time- 
dependent covariate and the effect on actual survival in 
the model was thus dependent on the time of acquisi- 
tion of BSI (Figure 3). This model is dependent on the 
validity of the proportional hazard assumption for 
acquired BSI and inspection of residual plots confirmed 
this was reasonable over the timescale in question (Fig- 
ure 4). Accordingly for an individual, BSI occurring at 
day seven (median time of acquisition) was associated 
with an approximate 20% absolute increase in hospital 
mortality compared with absence of BSI, when all other 
baseline hazards were held at population means. 

In Figure 5, we modeled the survival effect of all BSI, 
occurring at the rate and times of acquisition observed 
in the whole population, comparing against a group not 
acquiring BSI, with all other baseline hazards held at 
population means. In this model, the population attribu- 
table risk of death at or before day 90 was 4.95% and 
excess mortality in the entire study population, 
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Table 1 Characteristics of patients admitted to ICU for 72 hours or longer with univariate comparisons 



- — - — — — — 


All Admissions 


No Acquired BSI 


Acquired BSI 


p 


NumbGf of Admissions 




f. OOQ (OA QOA'l 


330 30A1 
33U \J.A/0j 




AKALHt III (admission) 


68 (52-88) 


68 (32-8/J 


IOC iC. 1 0"7\ 

/0.3 (ol-y/j 


< 0.001 


Age 


o4.y 


D3.U (4o-/jJ 


A3 A MO 73^ 

oz.o (4y-/ 3) 


r\ D3 
U.Uz 


Male Sex 


62.1 % 


61 .9% 


65.2% 


0.26 


Surgical Admission 


rr ™ 
JJ.J70 


AOL 
33.470 


3 / .070 


C\ AO. 

U.4o 


Mechanical Ventilation 


£Cl 10/„ 


AQ 30/, 


7H 30/, 
/U.3V0 


n 7Q 
u./ y 


Rena Replacement Therapy 


6.7% 


6.2% 


1 5.2% 


< 0.001 


Immune Deficiency 


7.2% 


7.0% 


10.6% 


0.02 


Malignancy 


15.1% 


14.8% 


19.1% 


0.04 


Liver Disease 


7.0% 


6.7% 


12.4% 


< 0.001 


Chronic Kidney Disease 


3.8% 


3.7% 


4.8% 


0.36 


Chronic Pulmonary Disease 


6.5% 


6.6% 


5.8% 


0.64 


Insulin-Requiring Diabetes 


2.8% 


2.7% 


3.9% 


0.27 


ICU LOS (days) 


6 (4-1 0) 


5 (4-9) 


15 (10-25) 


< 0.001 


Hospital Mortality 


23.5% 


22.5% 


41.2% 


< 0.001 



For continuous variables median and inter-quartile range are shown. 

APACHE, Acute Physiology and Chronic Health Evaluation; BSI, bloodstream infection; LOS, length of stay. 



associated with the observed occurrence of acquired-BSI 
and independent of the other baseline hazards, was 1%. 

Effect of microbiological diagnosis 

We separately repeated our survival analysis to model 
the effect of the five most common classes of BSI on 
outcome (Table 5). In this analysis enterococci and coa- 
gulase-negative staphylococci infections were not signifi- 
cantly associated with survival while Staphylococcus 
aureus and Gram negative infections both approximately 
doubled the risk of death and candidemia was associated 
with an over four-fold risk of dying in hospital. 



Time distribution of ICU-acquired BSI 



Calendar days elapsed in ICU prior to positive blood culture 

Figure 1 Histogram of time of diagnosis of ICU-acquired BSI 

Due to uncertainty over the exact time at which blood cultures 
were taken, some taken in the fourth calendar day in the ICU (first 
column) might have in fact been taken between 48 and 72 hours 
after ICU admission. At the most 29 patients may have been miss- 
attributed. Conversely, use of a later cut-off might exclude a similar 
number of genuine ICU-acquired BSI. Analysis was designed to err 
on the side of maximal inclusion. BSI, bloodstream Infection. 



Catheter-associated BSI 

We assessed the possibility of catheter associated blood- 
stream infection (CABSI) in 167 of 330 cases of BSI, in 
127 of these an intravascular device tip was sent for cul- 
ture in the two days either before or after a positive 
blood culture. In 34 cases (20.4% of BSI), a positive tip 
culture with a compatible microorganism identified likely 
CABSI. CABSI microbiological isolates and types of intra- 
vascular devices involved are shown in Tables 6 and 7, 
respectively. Univariate comparison between catheter- 
associated and non-catheter-associated BSI demonstrated 
a non-significant trend toward lower hospital mortality 
with CABSI (32.4% vs. 44.4%; P = 0.25; Table 8); how- 
ever, in a Cox proportional-hazard analysis of all Austin 
Hospital patients, the hazard ratio for in-hospital death 
before 90 days linked with CABSI was 2.64 (95% confi- 
dence interval (CI) = 1.44-4.83; P = 0.002 vs. no BSI; 



Table 2 Microbiological isolates during 330 ICU 
admissions complicated by acquired bloodstream 
infection 



Microbiological Isolate 



Percentage of Admissions with 
BSI 



Gram negative Bacilli 

Staphylococcus aureus 

Coagulase-negative 
staphylococci 

Enterococci 

Candida species 

Others 



28.2% 
26.7% 
24.3% 

1 7.0% 
1 5.5% 
6.7% 



In 44 admissions more than one species was isolated 
BSI, bloodstream infection. 
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Incidence of ICU-Acquired BSI 



?= 0.0014 
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Figure 2 Year on year trend in incidence of BSI (Panel a), 
mortality in patients with BSI (Panel b) and all ICU admissions 
of longer than 72 hours (Panel c) showing no significant trend 
in change in these variables over the study period. BSI, 
bloodstream Infection. 



Table 3 Logistic regression analysis of risk factors for 
acquired bloodstream infection 


Risk Factor 


Odds Ratio 


95% CI 


P 


APACHE III (factor/point) 


1.01 


1.01-1.02 


< 0.001 


Age (factor/year*) 


0.99 


0.98-1.00 


< 0.001 


Renal Replacement Therapy 


2.16 


1 .54-2.99 


0.002 


Liver Disease 


1.45 


1 .00-2.06 


0.041 


Surgical Admission 


1.28 


1.02-1.63 


0.037 



APACHE, Acute Physiology and Chronic Health Evaluation; BSI, bloodstream 
infection; CI, confidence interval. 

*Odds ratio of 0.99/year equates to a 0.9 times change in odds of BSI with a 
10 year increase in age. 

Table 8) - not significantly different from the hazard 
associated with non-CABSI (hazard ratio = 3.18; 95% 
CI = 2.43-4.17; P < 0.001 vs. no BSI; P = 0.57 vs. cathe- 
ter-associated BSI; Table 8). 

Discussion 

Statement of main findings 

We studied 6,339 admissions of greater than 72 hours 
in two university-affiliated ICUs. We found that ICU- 
acquired BSI complicated approximately 1 in 20 of 
these admissions and that increased illness-severity, 
surgery, immunological compromise, liver disease, 
mechanical ventilation, and renal replacement therapy 
predicted its occurrence. We further found that BSI 
was independently associated with a close to three-fold 
increased risk of death from the time of positive blood 
culture and that the proportional hazard assumption 
was robust. This implies that although the proportional 

Table 4 Cox-proportional hazard analysis for hospital 
survival 



Risk Factor 


Hazard Ratio 


95% CI 


P 


APACHE III (factor/point) 


1.02 


1 .02-1 .02 


< 0.001 


Age (factor/year*) 


1.01 


1.01-1.01 


< 0.001 


Acquired BSI 


2.89 


2.41-3.46 


< 0.001 


Surgical Admission 


0.78 


0.71-0.87 


< 0.001 


Liver Disease 


1.34 


1.12-1.61 


0.001 


Malignancy 


1.23 


1.08-1.40 


0.002 


Mechanical Ventilation 


1.13 


1.00-1.26 


0.041 


Immune Deficiency 


1.18 


0.99-1.40 


0.059 


Chronic Kidney Disease 


1.18 


0.94-1 .48 


0.148 


Chronic Pulmonary Disease 


1.15 


0.95-1.39 


0.162 


Insulin-Requiring Diabetes Mellitus 


1.18 


0.90-1.54 


0.221 


Renal Replacement Therapy 


1.09 


0.92-1.30 


0.334 


Male Sex 


0.98 


0.89-1.09 


0.767 



APACHE, Acute Physiology and Chronic Health Evaluation; BSI, bloodstream 
infection; CI, confidence interval. 

*Hazard ratio of 1.01/year equates to a 1.1 times hazard for death with a ten 
year increase in age. 



Prowle ef al. Critical Care 201 1, 15:R100 
http://ccforum.eom/content/1 5/2/R1 00 



Page 6 of 1 1 



£ 

if) 




Days after ICU Admission 

Figure 3 The independent effect of acquired BSI on hospital 
mortality in a Cox-proportional model of survival after ICU 
admission of 72 hours or longer. Plots show predicted survival in 
the absence of acquired bloodstream Infection (BSI) and with BSI 
occurring at the median time (day 7) and the lower and upper 
quartiles for time of acquisition (days 5 and 12). All other covariates 
fixed at population means. Dotted lines show 95% confidence limits. 



effect of BSI on mortality is constant over time, if BSI 
occurs early in ICU admission, when the baseline 
rate of death is high, the absolute effect on chance of 
survival is greater than if it occurs later in the course 
of critical illness. We note, however, that residual 
cofounders are likely to exist outside of our statistical 
analysis, a suspicion supported by the weak ability of 
the logistic-regression model to predict the develop- 
ment of ICU-acquired BSI based on the presence of 




Figure 4 Plot of scaled Schoenfeld residuals versus 
transformed time (based on Kaplan-Meir estimate of survival 
function) demonstrating acceptable linearity for the 
proportional hazard for the covariate Acquired BSI Beta(t) is the 
exponential associated with the covariate, equivalent to the natural 
logarithm of the hazard ratio. The solid black line is a smoothing- 
spline fit to the plot, with the broken lines representing a ± 2- 
standard-error band around the fit. Grey line represents a 
completely proportional (time-invariant) hazard ratio of 2.89. BSI, 
bloodstream Infection. 























All Patients 





Days after ICU Admission 

Figure 5 Survival in the Cox-proportional hazard model in the 
absence of acquired BSI and in the whole population of ICU 
admissions lasting 72 hours or longer In this model, at the 
observed incidence of acquired bloodstream Infection (BSI) in the 
whole population, only a 1% increase in total hospital mortality can 
be associated with BSI. All other covariates fixed at population 
means. Dotted lines show 95% confidence limits. 



the baseline predictors available. This suggests that 
our assessment of the impact of acquired-BSI on survi- 
val should be regarded as an upper-estimate of any 
effect. 

We also found that the collective effect of BSI on sur- 
vival was statistically related to infections with Candida, 
S. aureus, and Gram-negative bacilli, while infections 
with coagulase-negative staphylococci and enterococci 
were not significantly associated with increased risk of 
death in our dataset. In the cohort of patients from the 
Austin Hospital, BSI identified as likely catheter-asso- 
ciated remained a significant hazard for non-survival, 
and risk of death was not significantly lower than that 
related to non-catheter-associated BSIs. 

Together these findings imply, that, because of the low 
incidence and the estimated independent contribution to 
mortality, the totality of BSI accounted for, at most, an 
additional 1% excess mortality in the entire ICU popula- 
tion. This adjusted effect of BSI is very close to the 
unadjusted effect of BSI on survival. This may be 
because, although patients with acquired BSI were sicker 
and had more co-morbidities, they had to survive a cer- 
tain length of time in order to be able to be diagnosed 
and categorized with BSI. In our model these competing 
effects appear to offset each other leading to the similar- 
ity of the adjusted and unadjusted survival. 

Relation to previous findings 

Our incidence of BSI is similar to that reported in other 
observational studies [9,11-15]. This similarity suggests 
that our findings may have external validity. Our mor- 
tality findings are also in agreement with previous stu- 
dies of mortality among patients with BSI [9,11-14, 
16,19,32,33] with an increased risk of death of about 
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Table 5 Cox-proportional hazard analysis for effect of microbiological diagnosis on hospital survival (only 
microbiological co-variates are shown) 

Microbiological Isolate Percentage of all admissions Unadjusted mortality Hazard Ratio 95% CI P 



Candida species 0.8% 

Gram negative Bacilli 1.5% 

Staphylococcus aureus 1.5% 

Enterococci 0.9% 

Coagulase-negative staphylococci 1.3% 

None 94.8% 
CI, confidence interval. 



three- to four-fold [14,16]. Other investigators found a 
lesser impact of BSI on mortality [10,34-41] suggesting 
that the impact of BSI may vary with the setting and 
methodology. 

Our finding the infection with coagulase-negative sta- 
phylococci did not confer significant additional risk of 
death is in accord with findings that catheter-related 
BSIs are less strongly associated with risk of death 
[16,42,43]; however, this was not borne out in our analy- 
sis of BSI with evidence of catheter infection. This sug- 
gests that the virulence of the microorganism rather 
than the source of infection may be more important in 
determining outcome. 

Finding an association between illness severity and 
incidence of BSI in the ICU is in keeping with previous 
reports [9,11-14]. Similarly need for renal replacement 
therapy in the ICU is a documented risk factor for BSI 
[44]. The negative association between increasing age 
and decreased risk of developing BSI has also been 
observed previously [45]. Older age may be associated 
with a less pronounced inflammatory response to infec- 
tion [46], consequently, the likelihood of blood culture 
sampling may be lower, reducing observed incidence of 
BSI in older patients. 

Significance of study findings 

Our study expands current knowledge of the incidence 
and independent impact of ICU-acquired BSI on 

Table 6 Microbiological diagnosis in catheter-associated 
bloodstream infection (BSI) and non-catheter-associated 
BSI from 167 patients at Austin Hospital 



Non-catheter- Catheter- 
associated BSI associated BSI 



Staphylococcus aureus 


21.8% 


1 7.7% 


Coagulase negative 


16.5% 


23.5% 


staphylococci 






Enterococci 


1 3.5% 


11.8% 


Gram negative Bacilli 


24.8% 


44.1% 


Candida species 


1 8.8% 


5.8% 



No significant difference in distribution of microbiological isolates between 
groups, chi-squared test: P = 0.14. 



69% 


4.60 


3.23-6.57 


< 0.001 


38% 


2.13 


1 .49-3.04 


< 0.001 


42% 


2.07 


1 .48-2.90 


< 0.001 


34% 


1.49 


0.93-2.39 


0.10 


28% 


1.23 


0.78-1.94 


0.36 



23% 



survival. First, it suggests that the likely typical incidence 
of acquired BSI in our ICU population is approximately 
5%. This observation is a helpful comparator for control 
groups in interventional trials aimed at reducing BSI. 
This finding also suggests that conclusions from studies 
where the "control" incidence of acquired BSI is higher 
than this may not be directly transferable to all ICUs. 
Second, it confirms that some ICU-acquired BSI likely 
contributes independently to an increased risk of death 
and that prevention of these infections (predominantly 
S. aureus, Gram negative and Candida) is an important 
therapeutic goal. Third, it suggests that catheter-asso- 
ciated BSIs are clinically significant and their prevention 
is also of importance. Finally, it identifies several impor- 
tant factors that are associated with increased risk of 
developing BSI. However, our study also indicates that 
our ability to predict its development using baseline 
characteristics and major interventions (surgery, renal 
replacement therapy, and mechanical ventilation) 
remains limited. Thus, from the data routinely available 
early on in ICU admission, identification of a sub-group 
of higher risk patients for BSI-preventive intervention 
appears difficult. This observation is important, because 
it suggests that more research is required to identify 
patient characteristics, beyond those conventionally col- 
lected near ICU admission, to allow better prediction of 
risk of nosocomial infection. Better predictive models 
might allow appropriate targeting of cumbersome or 

Table 7 Intravascular devices associated with proven 
ICU-acquired, catheter-associated bloodstream infection 
during ICU admissions at Austin Hospital 



Intravascular Device n (%) 



Central venous catheter 


1 6 (46%) 


Dialysis catheter (non-tunnelled) 


7 (20%) 


Pulmonary artery catheter 


6 (17%) 


Peripherally inserted central catheter 


2 (6%) 


Arterial catheter 


2 (6%) 


Tunnelled central venous catheter 


1 (3%) 


Temporary pacing wire 


1 (3%) 
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Table 8 Characteristics and hospital mortality in patients 
with microbiological evidence of catheter-associated 
bloodstream infection (BSI) versus positive blood 
cultures with no contemporaneous proven catheter 
infection (median and inter-quartile range for univariate 
comparison, hazard ratio (HR) with 95% confidence 



interval for Cox analysis) 




Catheter- 
associated BSI 


Non catheter- 
associated BSI 


P 


Number (% of BSI) 


34 (204%) 


133 (79.6%) 




Univariate 








comparison 








APACHE III 
(admission) 


66 (50-91) 


72 (54-93) 


0.41 


Age (years) 


59 (39-67) 


61 (45-73) 


0.32 


ICU LOS (days) 


17.5 (13-27) 


1 5 (9-23) 


0.21 


Hospital Mortality 


32.4% 


44.4% 


0.25 


Cox hazard 
analysis 








HR for death in 
hospital 


2.64 (1 .44-4.83) 


3.18 (2.43-4.17) 


0.57 



APACHE, Acute Physiology and Chronic Health Evaluation; LOS, length of stay. 
Data from Austin Hospital patient cohort only. Cox proportional-hazard 
analysis incorporated all covariates used in Table 4. 



costly preventative interventions and enhance the power 
of clinical studies examining such interventions. 

The finding that BSI was independently associated 
with a three-fold increased risk of death from the time 
of positive blood culture implies that although the pro- 
portional effect of BSI on mortality is constant over 
time, if BSI occurs early in ICU admission, when the 
baseline rate of death is high, the absolute effect on 
chance of survival is greater than if it occurs later in the 
course of critical illness. We note, however, that residual 
cofounders are likely to exist outside of our statistical 
analysis, a suspicion supported by the weak ability of the 
logistic-regression model to predict the development of 
ICU-acquired BSI based on the presence of the baseline 
predictors available. This suggests that our assessment 
of the impact of acquired-BSI on survival should be 
regarded as an upper-estimate of any effect. 

Finally, because of the relatively low incidence of ICU- 
acquired BSI in our population, ICU-acquired BSI 
would account for only 5% of deaths, that is 1% excess 
mortality in the total population. This observation has 
several implications for randomized controlled trials of 
interventions aimed at decreasing mortality by prevent- 
ing ICU-acquired BSI. For example, a putative untar- 
geted intervention capable of preventing 50% of ICU- 
acquired BSI would be expected to reduce the overall 
mortality of ICU patients staying for longer than 72 
hours by only 0.5%. Accordingly, even a very effective 
intervention would have to be administered to 200 
patients to save one life. This effect is impossible to test 



in any feasibly sized randomized controlled trial (in 
excess of 100,000 patients would be required for ade- 
quate power). Interventions to prevent BSI could have a 
greater impact on survival by impacting sub-clinical, 
undiagnosed, or localized infection. However, the 
strength of such effects would need to be quantified if 
investigators wish to be assured that interventional stu- 
dies were adequately sized. Our data do suggest that use 
of formally diagnosed BSI as a surrogate or secondary 
endpoint in untargeted interventional studies may not 
be feasible. 

Study strengths and weaknesses 

This study has several strengths. We used a large sample 
of patients. Data were collected by dedicated data collec- 
tors and electronically stored and were thus not amen- 
able to manipulation or bias. Similarly, microbiological 
data were collected as part of patient care. We assessed 
the independent contribution of BSI to patient outcome, 
providing useful information for trial design and for the 
assessment of the relevant interventional literature. 

On the other hand, our study also has some weak- 
nesses. Its findings may not be directly generalizable to 
differing microbiological environments worldwide. How- 
ever, its results are comparable with those in similar stu- 
dies conducted in the USA and Europe suggesting a 
degree of external validity. During the 11-year study 
period changes in case-mix, clinical workload, and clini- 
cal practice could have affected incidence and outcome 
of ICU-acquired BSI. However, no trend was evident on 
inspection of the yearly data (see Additional file 1). By 
examining this time-span we were able to include data 
from over 6,000 ICU admissions making this one of the 
largest studies of BSI in intensive care. 

We did not have detailed clinical information includ- 
ing exact trigger for drawing blood cultures, antimicro- 
bial therapy, response to treatment, and cause of death. 
Nor could we determine whether individual episodes of 
BSI represented true infections. However, we excluded 
commensal skin organisms isolated in single blood cul- 
ture bottles, making it more likely that our isolates 
represented true BSI. The association of such BSI with 
illness severity, invasive interventions, and mortality all 
support this notion. Furthermore, although exclusion of 
a small number of non-clinically significant infections 
might increase the attributable-mortality of BSI, this 
would also decrease the observed incidence of BSI and 
would thus be unlikely to substantially alter our estimate 
of the effect of BSI on overall survival. 

Our analysis of catheter-associated BSI was confined 
to only one study centre. We required a positive tip cul- 
ture to confirm a likely catheter source. Thus, we may 
have missed some catheter-related infection although 
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frequency of catheter-associated infection in our cohort 
(about 20%) was similar to that reported by some pre- 
vious investigators [9,14]. Conversely, in a few patients, 
the catheter might have been secondarily infected by 
blood-borne infection. However, by identifying a group 
of patients with likely catheter-associated infection, we 
were able to demonstrate that increased risk of death 
remained significant in patients where a catheter source 
of infection was very likely. 

We did not compare patients developing BSI with a 
matched control population. However, such retrospective 
matching of controls is always approximate and suscepti- 
ble to unmeasured effects. In our study, without day- 
to-day clinical data on patients, we were limited to 
adjusting for baseline factors and major interventions 
(such as mechanical ventilation) usually commenced early 
in ICU admission. We also did not assess the effect of 
BSI on duration of ICU stay. However, the direction of 
causality is very difficult to determine, because greater 
length of exposure to risk will tend to increase the inci- 
dence of BSI, while, at the same time, occurrence of BSI 
will tend to delay ICU discharge. Given the inability to 
assess direction of causality, we did not attempt to incor- 
porate ICU length of stay into our statistical models. We 
note that infections with coagulase-negative staphylo- 
cocci, which would be expected to be more common 
with greater length and complexity of ICU stay, were not 
significantly associated with risk of death. This suggests 
that the associations seen with mortality for other micro- 
organisms are likely to be causative. However, because of 
concerns about unmeasured confounders, our estimate of 
attributable-mortality from ICU-acquired BSI should be 
regarded as an upper estimate of any effect. Significantly, 
however, even using this high estimate of attributable- 
mortality, BSI had little impact on the overall survival of 
the total population, contributing to, at most, an absolute 
1% increase in hospital mortality. 

Conclusions 

In a study of over 6,000 ICU admissions lasting longer 
than 72 hours, ICU-acquired BSI was associated with a 
doubling in risk of death in hospital to approximately 
40%. This correlation remained even after adjustment 
for baseline illness severity, demographics, and co-mor- 
bidities in a Cox proportional hazard model and was 
almost entirely attributable to BSI with significant 
pathogens. However, ICU-acquired BSI was uncommon 
thus, although of great clinical impact to those indivi- 
duals affected by it, its attributable excess mortality 
could be, at most, 1% of the total population. This effect 
implies that a) the survival benefit of untargeted inter- 
ventions aimed at reducing the rate of proven ICU- 
acquired BSI would be undetectable in any practically 



sized controlled trial; b) claims of improved survival 
from interventions aimed at reducing acquisition of BSI 
in the ICU should be treated with caution. 

Key messages 

♦ Acquired BSI is independently associated with sig- 
nificantly increased risk of death in critically ill 
patients. 

♦ This association persists for catheter-associated 
BSI. 

♦ These infections are relatively uncommon so that, 
despite significance to individuals, their contribution 
to overall mortality in an unselected population of 
ICU patients is small. 

Additional material 



Additional file 1: Box 1. CDC/NHSN surveillance definition of health 
care-associated infection. LCBI, Laboratory-confirmed primary 
bloodstream infection [24]. 
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